Introduction
Various reasons cause the defection and the function loss of large volume of skeletal muscle, such as congenital defect, injury, tumor, primary myopathy and metabolic diseases.The traditional treatment method is totransplant the myocutaneous flap to the defection area, however, there still are few challenges such as the limitation of muscle sources, the damage of donators and immunological rejection etc [1] .
In the past few years,some scientists used the myoblast transplantation to promote the muscle fiber regeneration and treat genetic myopathy, but there are some problems remaining such as uneven distribution of myoblasts in the human body, low survival rate and immune rejection [2] .Whereas the skeletal muscle tissue engineering is developing fast nowadays, which will very likely to bring over a bright future in the field of the structure and function repairmen [3] .There are abundant vessels existing in the muscle, the muscle cell mass exceeds 1mm 3 would die without vessels growing. The microfluidic networks could initially function as the fluidic pathways for effective mass transport inside the constructs [4] . Recently, there are significant efforts in designing and fabricating muscle scaffolds for the International Forum on Energy, Environment and Sustainable Development (IFEESD 2016) microfluidic network, the materials of scaffolds including collagen, gelatin, alginate, PLGA and PEG hydrogels, even the silica gel [5] [6] . In field of tissue engineering, there are many methods to fabricate the muscle tissue engineering scaffolds, such as molding, photoresist self-assembly method, electrostatic spinning, etc. Through cultivating the scaffolds which are seeded cells to stimulate the cells differentiation for implementing structure and part of the muscle function [7] [8] [9] . The function of the microfludic network is very important which provides the exchange of nutrients and space for cell production and migration. However, In some previous work，there is lack of microfludic in the scaffolds，merely random pores which is caused by using freeze-drying and phase separation methods [10, 11] . In some other studies, Parallel arrangement of the microarchitectures such as fibers, grooves, and pits on the scaffolds are created by chemical or topographic patterning, although this microstructure can promote cell alignment and differentiation, they could not fit the requirements of the bionic [12] [13] . Designing a scaffold which have bionic microfluidic networks is still a challenge.
In this work, we present a facile approach to fabricate branched network with square cross-sections in the gelatin hydrogels based on the bionic design principle of blood vessels and CFD analysis, muscle scaffold model with bionic microfluidic network is established. Stereolithography (SL), a kind of 3D printing technique was used to fabricate resin mold with semi-square microchannel, which was transferred to PDMS molds for monolayer microfluidic hydrogel replication. Two hydrogel layers were assembled to form a square channel. The channel morphology was evaluated by optical microscopy. CFD analysis was used to recorded the course of pressure drop and velocity change of the designed model and fabricated models to provide the design theory for the further cell culture in vitro.
Materials and methods

Biomimetic design principles.
To increase the nutrition of transmission to fabricate large size scaffolds, the key point is to design a bionic microfluidic network in the scaffolds which is advantageous to the microfludic internal blood flow uniformity, besides, it is easy to realize blood perfusion. Vascular network design principles are shown in Table 1 . The divisions of blood vessels in two bifurcations is beneficial to the uniform flow of blood in the lumen [20] In equations (1), r0 is the radius of the parent vessel diameter, r1 and r2 are the radii of the daughter vessel diameters.
Vascular network design.
Scaffold model was designed based on the design principles shown in Table 1 , UG software was used to design a 40 layers cylinder assembly scaffolds was drawn (Fig.  1a) , the top layer is the splitter plate. Fig. 1b shows the disc-shaped monolayer which is composed of uniform distribution of six groups of microfludic, the one-sixth microfludic cell sketched from artery to vein was shown in Fig. 1c , the size of different levels and bifurcation angle have been listed in table 2. 4th-generation outlet 727 10.09 32 CFD parameters. CFD is a powerful tool to simulate fluid flow and optimize flow parameters before manufacturing vascular networks.CFD has been used optimizing the blood flow in other microvascular networks [21] .
The radial symmetry of the design enabled the blood flow to be simulated in only one-sixth of the vascular network design. AUTO CAD was used to create the 2D geometric vascular network model, a computational mesh was generated using Gambit software. The cell spacing of simulation mesh is 0.1 mm 2 . Moreover, the curve of arteries side is defined as the pressure inlet, and the line of vein side is defined as the pressure outlet. Non-slip wall conditions were applied along the internal surface of the microchannels. A K-Epsilon model which is a non-Newtonian blood model was used to analyze the blood viscosity. The CFD analysis was astringed within 200 iterations. The inlet pressure boundary was Set respectively as 0.5, 2, 4, 6, 8, 10 mmHg, the output press boundary was set as 0 mmHg. Materials and manufacture process. After constructing muscle scaffold 3D model with UG based on the 2D geometric vascular network model，stereolithography (SL) was used to fabricate
the resin mold with the semi-rectangular microchannels, casting Sylgard 184 polydimethylsiloxane (PDMS)to get the mold, and then pouring the Fresh 10%(w/v ) gelatin solution into the mold to prepare scaffolds, placed at room temperature for 15 min and then cooled to 4 °C for 30 min to induce gelation. The partially crosslinked gelatin hydrogels with semi-square channels were carefully demoulded. Assembling two semi-network layers with the guide of the position holes carefully (Fig.2) . Fig. 2 Schematic of prepare muscle tissue engineering scaffolds with microfluidic networks. modeling accuracy. To characterize the microchannels in the assembled gelatin hydrogel， the fresh sample was exposed under the optical microscopy (Ti-5, Nikon). To quantify the fabrication accuracy of the micro-channels, six hydrogel samples were totally characterized and the quantitative data was expressed as mean±standard deviation. Modeling accuracy according to the law: (2) In equations (2), S is the microchannels, forming accuracy, A is the actual average dimension , B is the design dimension.
Results
Modelling accuracy. Fig. 3a shows the microfluidic gelatin hydrogel assembled from two partially gelatin slides. The overall thickness of the assembled hydrogel is about 4 mm. The guided stacking process can accurately position the two semi-square microchannels form the closed microfluidic network. Fig. 3b -j show that the width of the microfluidic channel network characterized at different levels by the optical microscopy.
The width of microfluidic channels was measured from the semi-square images (Fig. 4) . It was found that the width of the fabricated channels from level 1 to 9 are 697 ± 23μm, 584 ± 18 μm , 472 ± 14μm, 369 ± 16 μm , 275 ± 3 μm , 403 ± 20μm , 501 ± 9 μm , 622 ± 14μm , 748 ± 12μm, respectively which are corresponding to the forming accuracy of 3.57%, 9.4%, 11.3%, 10.5%, 3%, 10.7%, 9%, 8% and 3%. CFD analysis. CFD analysis was employed to estimate the fabrication error on the fluid flow in the microfluidic hydrogels. Fig. 5a shows the pressure distribution inside both models exhibiting negligible difference. Fig. 5b shows the velocity distribution inside both models. The results show that the pressure drop is uniform inside the vessel network, there is more pressure drop occurring in the inlet generations than the outlet generations. Velocity drops with the increasing number of microchannels, nevertheless, the maximum inlet velocity appears at the center of the channels as shown in Fig. 5c-h . Under the different pressure, maximum velocity error in the center of the inlet channels are respectively 9.4%, 8.1%, 7.5%, 7.1%, 7.2%, 7.1%. 
Discussion
Branched vascular networks are a central component of the scaffolds structure for the large size organ tissue engineering. This work presents a biomimetic design methodology founded on the independently investigated anatomic and physiological principles of the natural blood vessels. Some research on blood vessel sizes [22] , the errors of microchannels between the theoretical model and fabricated model are inevitable [20] .
As the denatured product of collagen, gelatin is low cost and can be easily modified to improve its processibility and simultaneously maintain its bioactive properties. This study found that the widths of the microchannels in the gelatin scaffold was increased after molding. The forming
0.5mm Hg 4mm Hg 10mm Hg 8mm Hg 6mm Hg 2mm Hg temperature of gelatin at 37℃ may be the major reason because when the temperature decreases to the room temperature, gelatin scaffolds will have a certain amount of shrinkage after demoulding. The fabricated error is approximate to 3% when the widths of microchanels are less than 300μm and more than 650μm. The modeling accuracy of other sizes was not ideal that the maximum value was 11.3%. To qualify the size change for the time being, the further experiments will be addressed.
To estimate the effect of the biomimetic microchannel on the flow distribution, CFD was chosen to analyze the fluid flow in the design model and fabricated scaffolds. After exerting the same pressure on the both models, the distribution of flow velocity at the entrance shows that fabrication error about 3% has little influence to the liquid distribution in the microchannels , only the velocity value of fabricated model was slightly faster than the design model, while velocity figures of two different models presented the highest degree of match when the inlet pressure is 6 mmHg. David's experiment proofs when the inlet pressure sets to 6 mmHg, velocity of the designed model was closest to in vitro test, the error was even less than 5% [19] . Microfluidic vascular networks can deliver oxygen and nutrients to ambient cells. However, long channels with very small diameters may cause flow disturbances and possibly platelet activation [23] . In order to optimize the structure of vascular network, the in vitro experiment was essential to performed.
Conclusion
Microfluidic vascular networks can deliver oxygen and nutrients to the ambient cells, it may be used to develop tissue engineered organs and organ assisted devices. In this work, the scaffold with vascular Network has been designed. CFD analysis demonstrated that the velocity error of fabricated model controlled within 10% under different pressure, the velocity curve of both models are match well when the inlet pressure is 6 mmHg. The future work will focus on the in vitro tests with this inlet parameters to verificate and optimize the vascular networks and validating their ability to support myoblast for clinical use.
